Chemotherapy-induced peripheral neuropathy (CIPN) is a serious, painful and dose-limiting side effect of cancer drugs that target microtubules. The mechanisms underlying the neuronal damage are unknown, but may include disruption of fast axonal transport, an essential microtubule-based process that moves cellular components over long distances between neuronal cell bodies and nerve terminals. This idea is supported by the "dying back" pattern of degeneration observed in CIPN, and by the selective vulnerability of sensory neurons bearing the longest axonal projections. In this study, we test the hypothesis that microtubule-targeting drugs disrupt fast axonal transport using vesicle motility assays in isolated squid axoplasm and a cell-free microtubule gliding assay with defined components. We compare four clinically-used drugs, eribulin, vincristine, paclitaxel and ixabepilone. Of these, eribulin is associated with a relatively low incidence of severe neuropathy, while vincristine has a relatively high incidence. In vesicle motility assays, we found that all four drugs inhibited anterograde (conventional kinesindependent) fast axonal transport, with the potency being vincristine = ixabepilone > paclitaxel = eribulin.
taurine, 35 mM betaine, 25 mM glycine, 10 mM HEPES, 6.5 mM MgCl 2 , 5 mM EGTA, 1.5 mM CaCl 2 , 0.5 mM glucose, pH 7.2). The volume of a single axoplasm was ~ 5 l, and each axoplasm was perfused with 20 l of buffer containing the drug of interest. Therefore, drug concentration was diminished approximately 20% by the volume of the extruded axoplasm. Motility was analyzed using a Zeiss Axiomat microscope equipped with a 100X, 1.3 N.A. objective and differential interference contrast optics. Organelle velocities were measured by matching calibrated cursor movements to the speed of vesicles moving in the axoplasm (Morfini et al., 2006) , where a "match" between vesicle and cursor speed required agreement of two observers. With each axoplasm, a baseline measurement was taken of anterograde and retrograde fast axonal transport velocities prior to perfusion with drug. Following perfusion with drug, axonal transport velocities were collected over a 50 min period as described (Morfini et al., 2007) .
With the exception of 10 M ixabepilone, which was tested in a single axoplasm due to its strong effects, all drug concentrations were tested in 3-4 axoplasms. Velocity measurements of anterograde and retrograde fast axonal transport from each assay condition were pooled and plotted as a function of time.
Curves were fitted in GraphPad Prism using an equation for one-phase exponential decay. To compare fast axonal transport among axoplasms of different experimental conditions, data collected between 30-50 min post perfusion were pooled (avg. n = 26, low n = 4, high n = 38) and then analyzed by a one-way ANOVA followed by Tukey's post-test (GraphPad Prism statistical software). All data are expressed as mean ± SEM.
Immunofluorescence microscopy-based visualization of microtubules in squid axoplasm -Squid
axoplasms were extruded onto a microscope slide as described above, and a PAP pen (Sigma) was used to draw a hydrophobic oval surrounding the axoplasm. ATP-supplemented axoplasm buffer with or without drug was prepared as for vesicle motility assays, except that the total volume was increased to 30 l to ensure that the entire axoplasm was covered. Therefore, final drug concentrations in this assay were slightly higher than in the vesicle motility assay described above. Following a 50 min incubation, the axoplasm buffer was carefully removed with a pipette and replaced with 50 l of 4% paraformaldehyde in phosphate buffered saline (PBS), pH 7.0 (Electron Microscopy Sciences). After 1 h incubation, axoplasms were washed three times with PBS, and then blocked for 1 h in PBS + 0.1% Triton X100 (PBT) containing 1% IgG-free BSA (Jackson Immunoresearch). Axoplasms were subsequently labeled with the anti-tubulin antibody DM1A (1:500; Sigma) followed by FITC-conjugated goat anti-mouse secondary antibody (1:1000, Cappel), and then mounted using ProLong Gold antifade reagent (Invitrogen). Axoplasms were imaged at 20X magnification on a BX60 Olympus microscope equipped with a MacroFire camera (Optronics). Control experiments in which the primary antibody was excluded demonstrated that secondary antibody labeling was specific (data not shown). Images were processed in Adobe Photoshop CS5 using the Adjust Levels function in order to optimize visibility. The analysis included 4 control axoplasms and 2-4 axoplasms per drug.
2.4
Kinesin-1-driven microtubule gliding assays -In these in vitro assays, we measured the velocity of stable microtubules as they glided across glass slides coated with recombinant kinesin-1 (Peck et al., 2011) . To produce stable microtubules we used GMPCPP, a very slowly hydrolyzable analog of GTP (Stumpff et al., 2007) . Rhodamine-labeled tubulin and unlabeled tubulin were mixed at a ratio of 1:3 (final tubulin concentration 20 µM), and incubated with 1 mM GMPCPP in PEM80 (80 mM Pipes, pH 6.8, 1 mM EGTA, 1 mM MgSO 4 ) for 1 h at 35°C. The resulting microtubules were collected by centrifugation (52,000 x g for 12 min), resuspended in PEM80, and incubated on ice to promote microtubule disassembly. This initial round of assembly was performed to ensure that no GTP was present during the final microtubule preparation. Microtubules were subsequently assembled a second time with 0.5 mM GMPCPP, collected by centrifugation, and then resuspended in buffer without GMPCPP (protocol adapted from (Stumpff et al., 2007) ).
Gliding assays were performed as described (Peck et al., 2011) . Briefly, microscope slide chambers were coated with purified K560-His (50 g/mL) for 3 min, and then blocked with casein (1 mg/ml, We first directly evaluated effects of the microtubule-targeting drugs on fast axonal transport by measuring the rate of vesicle motility in isolated squid axoplasm (see Methods, also (Brady et al., 1993) ).
In this experimental system, anterograde and retrograde fast axonal transport of vesicles depend upon the activities of conventional kinesin (Brady et al., 1990 ) and cytoplasmic dynein (DeGiorgis et al., 2011), respectively . Vesicle motility assays typically analyze fast axonal transport rates over a 50-min interval, although axonal transport in this system is actually maintained for hours (Brady et al., 1985) . Individual rate measurements (m/s) are obtained at multiple time points, and these rates represent a compound value reflecting both the velocity and number of transported vesicles at any given time. Red circles and solid lines represent conventional kinesin-dependent anterograde fast axonal transport rates, whereas blue circles and dotted lines show cytoplasmic dynein-dependent retrograde fast axonal transport rates (Fig. 1) .
We evaluated the effects of two drugs that can promote microtubule disassembly (eribulin and vincristine) and two that can promote microtubule assembly (paclitaxel and ixabepilone). For each axoplasm, we first measured baseline anterograde and retrograde fast axonal transport velocities, and then perfused the axoplasm with either 1 M or 10 M drug and measured vesicle velocities for an additional 50 min after perfusion. The drug concentrations we chose are higher than those required in cell culture medium to inhibit cell proliferation because microtubule-targeting drugs are generally taken up and concentrated in intact cells. Indeed, drugs added to cell culture media at nanomolar concentrations often achieve micromolar concentrations within cells (Jordan and Kamath, 2007; Oroudjev et al., 2010) . Thus, we sought to assess the effects of drugs in plasma membrane-free axoplasm at their approximate intracellular concentrations.
Effects of drugs on fast axonal transport -
In axoplasms perfused with control buffer, transport rates are maintained for over 1 h with little or no reduction (Brady et al., 1985) . Consistent with previous results (Brady et al., 1993) , anterograde transport rates in control axoplasms varied between 1.42 and 1.97 m/s over the 50 min observation period with a mean of 1.66 ± 0.02 m/s, and retrograde transport rates varied between 1.02 and 1.58 m/s with a mean of 1.29 ± 0.02 m/s, (Fig. 1a) . When axoplasms were perfused with eribulin, anterograde fast axonal transport rates decreased with time, while retrograde rates remained unchanged (Fig. 1b) . To quantify these effects, we pooled velocity measurements taken between 30-50 min post-perfusion and compared them with velocities obtained from control axoplasms during the same time window (Fig. 2, Table 1 ). In control axoplasms, the mean anterograde axonal transport rate in this window was 1.65 ± 0.03 m/s, and the mean retrograde axonal transport rate was 1.25 ± 0.03 m/s ( Fig. 2 and Table 1 ).
Eribulin inhibited anterograde axonal transport by 10% (to 1.48 ± 0.02 m/s, P<0.05) and 13% (to 1.44 ± 0.03 m/s, P<0.001) at concentrations of 1 M and 10 M, respectively. Importantly, its effects on retrograde axonal transport were not significant at either concentration. In contrast to eribulin, vincristine (1 M) had strong inhibitory effects on bidirectional fast axonal transport (Fig. 1c, Fig. 2 and 19% (to 1.01 ± 0.02 m/s, P<0.001), respectively. Because vincristine is a potent microtubule depolymerizer at concentrations ≥1 M, and since its effects at 1 M were so pronounced, we did not test vincristine at higher concentrations. Interestingly, 1 M vincristine induced a rapid decrease in anterograde transport within the first 20 min of perfusion, after which the rate of decrease leveled off. The inhibitory effects of vincristine on retrograde transport were more gradual (Fig. 1c) .
We next assayed paclitaxel and ixabepilone, two drugs that can promote microtubule assembly.
Paclitaxel effects on fast axonal transport (Fig. 1d , Table 1 ) were similar to those elicited by eribulin.
Paclitaxel inhibited anterograde transport by 12% (to 1.45 ± 0.03 m/s, P<0.01) at 1 M, and 17% (to 1.37 ± 0.02 m/s, P<0.001) at 10 M, but had no significant effect on retrograde axonal transport.
Although the effects of paclitaxel were slightly stronger than eribulin at each concentration, the difference between the two drugs was not statistically significant. Ixabepilone had potent effects on both directions of fast axonal transport that were similar in potency to vincristine. When isolated axoplasms were perfused with ixabepilone (1 M), the rate of both anterograde and retrograde fast axonal transport decreased markedly over the 50-min observation period ( Fig. 1e) . At 1 M ixabepilone, anterograde transport was inhibited by 27%, to 1.21 ± 0.03 m/s (P<0.001), and retrograde fast axonal transport was inhibited by 22%, to 0.97 ± 0.04 m/s (P<0.001). At 10 M ixabepilone, anterograde fast axonal transport was slowed 37%, resulting in a rate of 1.04 ± 0.06 m/s (P<0.001), and retrograde transport was slowed 38% resulting in a rate of 0.77 ± 0.02 m/s (P<0.001, Fig. 2 , Table 1 ). We did not find statistically significant concentration-dependent effects for any of the four drugs, although the data trend in that direction. Therefore, we conclude that the effects are near maximal at 1 M.
In summary, the data indicate that in isolated axoplasm, vincristine and ixabepilone had the strongest inhibitory effects upon anterograde fast axonal transport, whereas eribulin and paclitaxel had milder effects. In addition, vincristine and ixabepilone inhibited retrograde fast axonal transport, whereas eribulin and paclitaxel did not.
Effects of drugs on microtubule organization in the axoplasm interior -One potential mechanism by
which drugs may interfere with fast axonal transport is through their effects on microtubule organization and integrity. Specifically, compounds like taxanes and epothilones that can promote microtubule assembly (paclitaxel and ixabepilone in this work) can induce formation of abnormal bundles of microtubules in cultured cells (Jordan and Wilson, 2004) , which could inhibit fast axonal transport by restricting the movement of motor proteins and/or cargo. Conversely, compounds like the vinca alkaloids and halichondrins (vinblastine and eribulin in this work), which can promote microtubule disassembly (Jordan et al., 1991; Jordan and Wilson, 2004; Smith et al., 2010) , might be expected to disrupt fast axonal transport by depolymerizing the microtubule tracks.
To determine whether the inhibitory effects observed in our axoplasm experiments were associated with microtubule bundling or depolymerization, we visualized axonal microtubules by immunofluorescence microscopy. As for vesicle motility assays, we incubated isolated axoplasms for 50 min with eribulin (10 M), vincristine (1 M), paclitaxel (10 M), or ixabepilone (10 M). Control axoplasms were incubated for the same amount of time in the absence of any drug. Axoplasms were subsequently fixed, labeled with an anti-tubulin antibody, and visualized by immunofluorescence microscopy. The interior of the axoplasm, where measurements are taken in the vesicle motility assay, appeared similar under all conditions (Fig. 3) . As observed in untreated control axoplasms, immunofluorescence imaging of axoplasms exposed to drugs revealed a dense network of microtubules, with the vast majority oriented roughly parallel to each other and to the long axis of the axoplasm. There were two exceptions to this observation, which were not quantified. First, although a few areas with disorganized microtubules could be found in all axoplasms, these were more frequent in vincristinetreated axoplasms. Second, a few areas in two of the three paclitaxel-treated axoplasms contained stellate aggregates of tubulin in addition to ordered parallel microtubules (not shown). However, as a general assessment, none of the four microtubule-targeting drugs used in this study induced detectable bundling or depolymerization of microtubules in the axoplasm interior.
Effects of microtubule-targeting drugs on kinesin-1 driven microtubule gliding in a purified defined
system -As presented above, all four drugs tested in squid axoplasm inhibited anterograde fast axonal transport, a process carried out by conventional kinesin. Conventional kinesin is a multisubunit motor protein. The kinesin-1 subunits of conventional kinesin contain binding domains for microtubules and ATP, and are responsible for the mechanochemical properties of the conventional kinesin holoenzyme (DeBoer et al., 2008) . To assess direct effects of the drugs on kinesin-1 activity in the absence of cytoplasmic regulatory proteins such as microtubule associated proteins (MAPs), kinases, and phosphatases known to affect the functionality of this motor protein (Morfini et al., 2009 ), we performed microtubule gliding assays in vitro using purified, defined molecular components. Microtubules were assembled from MAP-free bovine brain tubulin and introduced into a chamber coated with purified recombinant kinesin-1. In this assay, kinesin-1 binds to the glass surface and is stationary, and thus its activity propels microtubules across the surface of the assay chamber. Drugs or other factors can be introduced into the system, and effects on microtubule gliding velocity can be quantified (Peck et al., 2011) .
For optimal imaging, microtubules are diluted in buffer prior to the assay, a process that can trigger microtubule depolymerization. Therefore, microtubules in the gliding assay must be stabilized by some means (paclitaxel is often used). Microtubule stability was an especially important consideration in these experiments, since two of the four drugs under study (eribulin and vincristine) can promote microtubule disassembly. In order to generate stable microtubules without the use of paclitaxel (since that is one of the drugs being tested), we assembled microtubules using GMPCPP (Stumpff et al., 2007) , a very slowly hydrolyzable analog of GTP. We then diluted the stable GMPCPP-microtubules into buffer containing one of the four microtubule-targeting drugs (10 M) or vehicle (DMSO), and measured kinesin-1 driven microtubule gliding velocities.
As shown in Fig. 4 and Table 2, 10 M vincristine and ixabepilone both slowed kinesin-1 driven microtubule gliding velocity relative to vehicle control, by 13% and 17%, respectively, both of which were statistically significant at P<0.01. In contrast, neither 10 M paclitaxel nor 10 M eribulin had a statistically significant effect on kinesin-driven gliding velocity. Inhibition of kinesin-1 driven gliding of stabilized microtubules by vincristine and ixabepilone paralleled the strong inhibitory effects of these drugs in axoplasm, although the in vitro effects were somewhat weaker. In contrast, eribulin and paclitaxel had no significant effect on in vitro gliding activity, consistent with the fact that they had the weakest effects on vesicle motility in axoplasm. Thus in both assays vincristine and ixabepilone were the most potent inhibitors of kinesin-mediated transport.
Discussion
Chemotherapy-induced peripheral neuropathy can be graded on a scale of 1-4 in the clinic, where grades 3 and 4 are considered severe. Of the four drugs tested here, vincristine induces the highest levels of severe neuropathy (31%). Ixabepilone (12-20%) and paclitaxel (2-32%) are associated with the next highest incidence (Carlson and Ocean, 2011) . Eribulin is associated with the lowest incidence of severe neuropathy, with 3-8% grade 3 and <1% grade 4 (Cortes et al., 2012). A similar pattern was observed when the neuropathic effects of eribulin, paclitaxel and ixabepilone were directly compared in mouse sciatic nerves, in that the effects of eribulin were significantly milder than those of either paclitaxel or ixabepilone (Wozniak et al., 2011) .
In this work, we use a vesicle transport/squid axoplasm assay as well as a microtubule gliding assay to test the hypothesis that the different incidences of severe peripheral neuropathy produced by vincristine, ixabepilone, paclitaxel and eribulin relate to their differential effects on fast axonal transport.
The pattern we observe in our assays is in general agreement with the relative incidence of severe peripheral neuropathy caused by these four drugs. Vincristine and ixabepilone had the most severe inhibitory effects on fast axonal transport in both assays, significantly inhibiting both anterograde and retrograde directions. In contrast, eribulin and paclitaxel had milder inhibitory effects on anterograde fast axonal transport and did not inhibit retrograde fast axonal transport. Furthermore, although eribulin and paclitaxel inhibited anterograde fast axonal transport to similar extents when compared at equal concentrations, eribulin is typically used at ~100-fold lower concentration than paclitaxel in the clinic ( , 2011) . Given these similarities, it is interesting that the ability of ixabepilone to induce severe peripheral neuropathy, as well as to inhibit fast axonal transport (this study) was greater than that of paclitaxel. The differences may be due in part to the higher binding affinity of ixabepilone relative to paclitaxel (Perez, 2009 ), but they may also arise from different effects on microtubule structure. For example, paclitaxel and the epothilones have drug-specific effects on microtubule protofilament number (Diaz et al., 1998; Meurer-Grob et al., 2001 ). In addition, both drugs also induce conformational changes in the carboxy terminus of tubulin Vincristine and eribulin -Vincristine (a vinca alkaloid) and eribulin (derived from halichondrin B) suppress microtubule dynamic instability at low concentrations and promote microtubule disassembly at high concentrations (Jordan et al., 2005; Jordan and Wilson, 2004; Smith et al., 2010) . Both classes of drugs bind to -tubulin, although the binding sites do not overlap (Bai et al., 2011; Gigant et al., 2005) .
The vinca alkaloids bind with high affinity to the ends of microtubules, and with lower affinity along microtubule sides at the interface between adjacent tubulin dimers (Jordan and Wilson, 2004) . Vinca alkaloid binding along the length of the protofilament strengthens longitudinal contacts within the protofilament while simultaneously weakening lateral contacts between adjacent protofilaments. As a result, at high vinca alkaloid concentrations microtubule ends splay out and protofilaments peel away in spirals (Jordan and Wilson, 2004; Rendine et al., 2010) . Unlike the vinca alkaloids, eribulin binds exclusively at microtubule ends, and binding may occur preferentially at "plus" ends (Smith et al., 2010) .
Eribulin is also unusual in that it suppresses microtubule growth without appreciably affecting the rate of All four drugs reduced kinesin-dependent transport velocities in isolated axoplasm. However, only the two showing the strongest inhibitory effects, vincristine and ixabepilone, reduced kinesin-1 activity in microtubule gliding assays. Even for vincristine and ixabepilone, their inhibitory effects in the gliding assay were less pronounced than those observed in vesicle motility assays using axoplasm. While both of these assays measure key features of fast axonal transport, they do have technical differences. For example, whereas fast axonal transport in squid axoplasm relies on endogenous microtubules, our gliding assays employ GMPCPP-stabilized microtubules. Although drugs can induce structural changes in microtubules assembled with GMPCPP (Khrapunovich-Baine et al., 2009; Khrapunovich-Baine et al., 2011) , GMPCPP itself has strong effects on microtubule structure (Meurer-Grob et al., 2001; Vale et al., 1994) . Kinesin may be sensitive to GMPCPP-induced changes in microtubules, as indicated by in vitro studies demonstrating higher kinesin binding affinity (Nakata et al., 2011) and faster kinesin-driven gliding velocities (Vale et al., 1994) with GMPCPP microtubules. However, the GTP-bound tubulin conformation mimicked by GMPCPP is enriched in axons in vivo (Nakata et al., 2011) , suggesting that this conformation has physiological relevance for studies addressing fast axonal transport. In addition, the gliding assay has the advantage of isolating effects of a pure kinesin-driven system without the cellular complexities of the intact axoplasm, and the reduced suppression in this in vitro assay as compared with the axoplasm may indicate that additional drug effects are at play in the axoplasm, as discussed below.
Potential effects of microtubule-targeting drugs on the organization and integrity of axonal
microtubules. Microtubule-targeting drugs could disrupt fast axonal transport by bundling or depolymerizing axonal microtubules. Although these effects are easily observed by immunofluorescence microscopy with tubulin antibodies in cultured cells at high drug concentrations (Jordan et al., 1991; Jordan and Wilson, 1998; 2004; Kowalski et al., 1997) , we did not observe evidence of microtubule bundling or depolymerization in isolated squid axoplasm. However, our results do not rule out subtle effects that might be revealed by higher resolution imaging methods.
In axons, microtubules are uniformly arranged with their "plus" ends oriented away from the cell body. The directionality of kinesin and dynein movement along microtubules is dependent upon this polar orientation (Morfini et al., 2011) . In this study, we observed a slight trend toward more disorganized areas of microtubules in vincristine-treated axoplasms, which may contribute to the observed effects on fast axonal transport. Microtubule disorganization has also been reported in sciatic nerves bathed in vincristine, where it coincided with a reduction in the average microtubule length (Sahenk et al., 1987) .
Disruption of axonal microtubule polarity in cultured neurons has also been reported with drugs that promote microtubule assembly (Shemesh and Spira, 2010) . Significant disruption of microtubule polarity in the squid axoplasm would be expected to affect both anterograde and retrograde fast axonal transport such that the rates of each would converge on a single value. However, the fact that we observed different anterograde and retrograde rates suggests that this was not a major factor in our analyses.
4.3
Other potential effects in axoplasm at the microtubule surface. All four microtubule-targeting drugs studied here, at relatively low concentrations, suppress microtubule dynamic instability, which may in turn influence the posttranslational modification state of the microtubules (Janke and Bulinski, 2011) .
Some studies suggest that kinesin-1 is sensitive to tubulin acetylation and tyrosination (Konishi and Setou, 2009; Reed et al., 2006) , and changes in tubulin acetylation have also been linked to impaired axonal transport and neurodegeneration (reviewed in Millecamps and Julien, 2013) . However, there is no evidence that tubulin modifications are altered in the axoplasm studies, and the enzymes needed to modify tubulin are absent from the gliding assays. Microtubule-targeting drugs could also affect fast axonal transport through their effects on the binding of non-motor MAPs to microtubules (Kar et al., 2003; Xiao et al., 2012) , or by masking the motor-regulatory effects of these MAPs (Peck et al., 2011) . In addition, microtubule-targeting drugs could influence fast axonal transport indirectly through effects on microtubule-associated phosphatases and kinases that regulate the activity of kinesin and cytoplasmic dynein (Morfini et al., 2009) . For example, exposure of cultured cells to paclitaxel activates JNK (Figueroa-Masot et al., 2001 ), a kinase that negatively regulates fast axonal transport (Morfini et al., 2006) . However, some of these drugs (including vincristine) also exhibit significant motor neuron involvement (Argyriou et al., 2012; Carlson and Ocean, 2011; Windebank and Grisold, 2008) . These observations suggest that, in addition to axon length, various factors might render certain neuronal subtypes selectively vulnerable to specific microtubule-targeting drugs. The present study does not address the issue of selective cell-type vulnerability. However, many neurodegenerative conditions linked to fast axonal transport abnormalities preferentially affect specific subpopulations of neurons. For example, mutations in kinesin-1A, one of three kinesin-1 isoforms (DeBoer et al., 2008) , are linked to a specific form of hereditary spastic paraplegia that features "dying back" degeneration of upper motor neurons (Reid et al., 2002) . Similarly, mutations in different cytoplasmic dynein subunits promote "dying back" degeneration of striatal, motor and/or sensory neurons (reviewed in (Eschbach and Dupuis, 2011) ). Molecular mechanisms underlying the differential vulnerability of specific neuronal cell types to specific perturbations in fast axonal transport remain elusive, but might result from unique cell type-specific characteristics, including different metabolic demands, reliance on different transported cargoes, and differences in the compliment of proteins involved in fast axonal transport regulation, including various kinases and phosphatases (Han et al., 2010; Millecamps and Julien, 2013) . Uncovering the basis of selective cell-type vulnerability in chemotherapy-induced peripheral neuropathy represents an important area for future research. including dynein and kinesins, also play key roles in mitosis (Sharp et al., 2000) . In addition, cells in interphase rely on motor protein-dependent transport for survival and for cancer-relevant functions (Giannakakou et al., 2000; Hirokawa et al., 2009; Kardon and Vale, 2009; Thadani-Mulero et al., 2012 ).
An important implication of our findings is that inhibition of motor protein-dependent transport by microtubule-targeting drugs may contribute significantly to their antiproliferative effects and their anticancer efficacy. -38% 1.04 ± 0.06 µm/sec *** 0.77 ± 0.02 µm/sec *** 1 -37% Paclitaxel (10 µM) -10% 1.37 ± 0.02 µm/sec *** 1.12 ± 0.02 µm/sec 3 -17% Table 1 . Axonal transport velocities in isolated squid axoplasm in the presence and absence of microtubule-targeting drugs ANOVA (P<0.0001) followed by Tukey's post-test, * = P < 0.05, ** = P < 0.01, *** = P < 0.001 N = Number of axoplasms; 4 -38 values per condition Table 2 . Kinesin-driven gliding velocity of GMPCPP microtubules (MTs) in the presence or absence of microtubule-targeting drugs ANOVA (P<0.022) followed by Dunnett's post-test, ** = P < 0.01 Table 2 
